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I. GENERAL CONSIDERATIONS:

This document provides guidelines and criteria to be utilized in
the development of functional designs of downstream migrant fish
passage facilities for hydroelectric, irrigation, and other water
withdrawal projects.  This material has been prepared by the
National Marine Fisheries Service (NMFS) as a direct result of
responsibilities for prescribing fishways (including fish screen
and bypass systems) under Section 18 of the Federal Power Act,
administered by the Federal Energy Regulatory Commission (FERC).
 This material is also applicable for projects that are
undergoing consultation with the NMFS, pursuant to
responsibilities for protecting fish under the Endangered Species
Act (ESA).

Since these guidelines and criteria are general in nature, there
may be cases where site constraints or extenuating circumstances
dictate that certain criteria be waived or modified.  Conversely,
where there is a need to provide additional protection for fish,
site-specific criteria may be added.  These circumstances will be
considered by NMFS on a project-by-project basis.

In designing an effective fish screen facility, the swimming
ability of the fish is a primary consideration.  Research has
shown that swimming ability of fish varies and may depend upon a
number of factors relating to the physiology of the fish,
including species, size, duration of swimming time required,
behavioral aspects, migrational stage, physical condition and
others, in addition to water quality parameters such as dissolved
oxygen concentrations, water temperature, lighting conditions,
and others.  For this reason, screen criteria must be expressed
in general terms.

To minimize risks to anadromous fish at some locations, the NMFS
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may require investigation (by the project sponsors) of important
and poorly defined site-specific variables that are deemed
critical to development of the screen and bypass design.  This
investigation may include factors such as fish behavioral
response to hydraulic conditions, weather conditions (ice, wind,
flooding, etc.), river stage-discharge relationships, seasonal
operational variability, potential for sediment and debris
problems, resident fish populations, potential for creating
predation opportunity, and other information.  The size of
salmonids present at a potential screen site usually is not
known, and can change from year to year based on flow and
temperature conditions.  Thus, adequate data to describe the
size-time relationship requires substantial sampling efforts over
a number of years.  The NMFS will assume that fry-sized salmonids
and low water temperatures are present at all sites and apply the
appropriate criteria listed below, unless adequate biological
investigation proves otherwise.  The burden-of-proof is the
responsibility of the owner of the screen facility.

Proposed facilities which could have particularly significant
impacts on fish, and new unproven juvenile fish protection
designs, frequently require:  1) development of a biological
basis for the concept; 2) demonstration of favorable fish
behavioral response in a laboratory setting; 3) an acceptable
plan for evaluating the prototype installation; and 4) an
acceptable alternate plan developed concurrently for a screen and
bypass system satisfying these criteria, should the prototype not
adequately protect fish.  Additional information on unproven
juvenile fish protection devices can be found in "Experimental
Fish Guidance Devices," Position Statement of the National Marine
Fisheries Service, Northwest Region, January 6, 1995.

Screen and bypass criteria for juvenile salmonids are provided
below.  Specific exceptions to these criteria occur in the design
of small screen and bypass systems (less than 25 cubic feet per
second).  These are listed in Section K, Modified Criteria for
Small Screens.

Striped bass, herring, shad, and other anadromous fish species
may have eggs and/or very small fry which are moved with any
water current (tides, streamflows, etc.).  Installations where
these species are present may require special screen and/or
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bypass facilities, including micro-screens and require individual
evaluation of the proposed project.  In instances where local
regulatory agencies require more stringent screening requirements
for species of resident or anadromous fish, the NMFS will
generally defer to the more conservative criteria.

II.  GENERAL PROCEDURAL GUIDELINES

A functional design should be developed that defines type,
location, size, hydraulic capacity, method of operation, and
other pertinent juvenile fish screen facility characteristics. 
In the case of applications to be submitted to the FERC and
consultations under the ESA, a functional design for juvenile
(and adult) fish passage facilities must be developed and
submitted as part of the application.  It must reflect the NMFS
input and design criteria and be acceptable to the NMFS. 
Functional design drawings must show all pertinent hydraulic
information, including water surface elevations and flows through
various areas of the structures.  Functional design drawings must
show general structural sizes, cross-sectional shapes, and
elevations.  Types of materials must be identified where they
will directly affect fish.  The final detailed design shall be
based on the functional design, unless changes are agreed to by
the NMFS.

All juvenile passage facilities shall be designed to function
properly through the full range of hydraulic conditions in the
lake, tidal area, or stream and in the diversion, and shall
account for debris and sedimentation conditions which may occur.

III. SCREEN CRITERIA FOR JUVENILE SALMONIDS

A.  Structure Placement

1. Streams and Rivers:

a.  Where physically practical and biologically desirable,
the screen shall be constructed at the diversion entrance with
the screen face generally parallel to river flow.  Physical
factors that may preclude screen construction at the diversion
entrance include excess river gradient, potential for damage by
large debris, and potential for heavy sedimentation.  For screens
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constructed at the bankline, the screen face shall be aligned
with the adjacent bankline and the bankline shall be shaped to
smoothly match the face of the screen structure to prevent eddies
in front, upstream, and downstream of the screen.  If trash racks
are used, sufficient hydraulic gradient is required to route
juvenile fish from between the trash rack and screens to safety.

b. Where installation of fish screens at the diversion
entrance is not desirable or impractical, the screens may be
installed in the canal downstream of the entrance at a suitable
location.  All screens installed downstream from the diversion
entrance shall be provided with an effective bypass system
approved by NMFS, designed to collect juvenile fish and safely
transport them back to the river with minimum delay.  The angle
of the screen to flow should be adequate to effectively guide
fish to the bypass (see Section F, Bypass Layout). 

2. Lakes, Reservoirs and Tidal areas:

a. Intakes shall be located offshore where feasible to
minimize fish contact with the facility.  Water velocity from any
direction toward the screen shall not exceed allowable approach
velocities (see Section B, Approach Velocity).  When possible,
intakes shall be located in areas with sufficient sweeping
velocity to minimize sediment accumulation in or around the
screen and to facilitate debris removal and fish movement away
from the screen face (see Section C, Sweeping Velocity). 

b. If a screened intake is used to route fish past a dam,
the intake shall be designed to withdraw water from the most
appropriate elevation based on providing the best juvenile fish
attraction and appropriate water temperature control downstream
of the project.  The entire range of forebay fluctuation shall be
accommodated in design, unless otherwise approved by the NMFS.

B.  Approach Velocity - Definition:  Approach velocity is the
water velocity component perpendicular to and approximately three
inches in front of the screen face.

1.  Salmonid fry [less than 2.36 inches {60.0 millimeters (mm)}
in length]:  The approach velocity shall not exceed 0.40 feet per
second (fps) {0.12 meters per second (mps)}.
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2.  Salmonid fingerling {2.36 inches (60.0 mm) and longer}:  The
approach velocity shall not exceed 0.80 fps (0.24 mps).

3.  The total submerged screen area required (excluding area
affected by structural components) is calculated by dividing the
maximum diverted flow by the allowable approach velocity (also
see Section K, Modified Criteria for Small Screens). 

4.  The screen design must provide for uniform flow distribution
over the screen surface, thereby minimizing approach velocity. 
This may be accomplished by providing adjustable porosity control
on the downstream side of screens, unless it can be shown
unequivocally (such as with a physical hydraulic model study)
that localized areas of high velocity can be avoided at all
flows.

C.  Sweeping Velocity - Definition:  Sweeping velocity is the
water velocity component parallel and adjacent to the screen
face.

1.  Sweeping velocity shall be greater than the approach
velocity.  This is accomplished by angling the screen face at
less than 45E relative to flow (also see Section K, Modified
Criteria for Small Screens).  This angle may be dictated by site
specific canal geometry, hydraulic, and sediment conditions.

D.  Screen Face Material

1.  Fry criteria - If biological justification can not be
provided to demonstrate the absence of fry-sized salmonids {less
than 2.36 inches (60.0 mm)} in the vicinity of the diversion
intake leading to the screen, fry will be assumed present and the
following criteria apply for screen material:

a.  Perforated plate:  Screen openings shall not exceed 3/32
or 0.0938 inches (2.38 mm).

b.  Profile bar screen:  The narrowest dimension in the
screen openings shall not exceed 0.0689 inches (1.75 mm) in
the narrow direction. 
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c.  Woven wire screen:  Screen openings shall not exceed
3/32 or 0.0938 inches (2.38 mm) in the narrow direction
(example:  6-14 mesh).  

d.  Screen material shall provide a minimum of 27% open
area.

2.  Fingerling criteria - If biological justification can be
provided to demonstrate the absence of fry-sized salmonids {less
than 2.36 inches (60.0 mm)} in the vicinity of the diversion
intake leading to the screen, the following criteria apply for
screen material:

a.  Perforated plate:  Screen openings shall not exceed 1/4
or 0.25 inches (6.35 mm).

b.  Profile bar screen:  The narrowest dimension in the
screen openings shall not exceed 1/4 or 0.25 inches (6.35
mm) in the narrow direction. 

c.  Woven wire screen:  Screen openings shall not exceed 1/4
or 0.25 inches (6.35 mm) in the narrow direction.  

d.  Screen material shall provide a minimum of 40% open
area.

3.  The screen material shall be corrosion resistant and
sufficiently durable to maintain a smooth uniform surface with
long term use. 

E.  Civil Works and Structural Features

1.  The face of all screen surfaces shall be placed flush (to the
extent possible) with any adjacent screen bay, pier noses, and
walls to allow fish unimpeded movement parallel to the screen
face and ready access to bypass routes. 

2.  Structural features shall be provided to protect the
integrity of the fish screens from large debris.  Provision of a
trash rack, log boom, sediment sluice, and other measures may be
needed.  A reliable, ongoing preventative maintenance and repair
program is necessary to assure facilities are kept free of debris
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and that screen mesh, seals, drive units, and other components
are functioning correctly. 

3.  Screen surfaces shall be constructed at an angle to the
approaching flow, with the downstream end of the screen
terminating at the entrance to the bypass system. 

4.  The civil works shall be designed in a manner that eliminates
undesirable hydraulic effects (such as eddies and stagnant flow
zones) that may delay or injure fish or provide predator habitat
or predator access.  Upstream training wall(s), or some
acceptable variation thereof, shall be utilized to control
hydraulic conditions and define the angle of flow to the screen
face.  Large facilities may require hydraulic modeling to
identify and correct areas of concern.

F.  Bypass Layout

1.  The screen and bypass shall work in tandem to move out-
migrating salmonids (including adults) to the bypass outfall with
a minimum of injury or delay.  The bypass entrance shall be
located so that it can easily be located by out-migrants. 
Screens placed in diversions shall be constructed with the
downstream end of the screen terminating at a bypass entrance. 
Multiple bypass entrances (intermediate bypasses) shall be
employed if the sweeping velocity will not move fish to the
bypass within 60 seconds, assuming fish are transported at this
velocity.

2.  The bypass entrance and all components of the bypass system
shall be of sufficient size and hydraulic capacity to minimize
the potential for debris blockage. 

3.  In order to improve bypass collection efficiency for a single
bank of vertically-oriented screens, a bypass training wall shall
be located at an angle to the screens, with the bypass entrance
at the apex and downstream-most point.  This will aid fish
movement into the bypass by creating hydraulic conditions that
conform to observed fish behavior.  For single or multiple vee
screen configurations, training walls are not required, unless a
intermediate bypass is used (see Section F, Bypass Layout, Part
1).
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4.  In cases where there is insufficient flow available to
satisfy hydraulic requirements at the bypass entrance (entrances)
for the main screens, a secondary screen may be required.  This
is a screen located in the main screen bypass which allows the
prescribed bypass flow to be used to effectively attract fish
into the bypass entrance(s) and then allow for all but a reduced
residual bypass flow to be routed back (by pump or gravity) for
the primary diversion use.  The residual bypass flow (not passing
through the secondary screen) would then convey fish to the
bypass outfall location or other destination.

5.  Access is required at locations in the bypass system where
debris accumulations may occur.

6.  The screen civil works floor shall be designed to allow fish
to be routed back to the river safely, if the canal is dewatered.
 This may entail a sumped drain with a small gate and drain pipe,
or similar provisions.

G.  Bypass Entrance

1.  Each bypass entrance shall be provided with independent flow-
control capability, acceptable to NMFS.

2.  The minimum bypass entrance flow velocity must be greater
than or equal to the maximum flow velocity vector resultant
upstream of the screens.  A gradual and efficient acceleration of
flow into the bypass entrance is required to minimize delay by
out-migrants. 

3.  Ambient lighting conditions are required at, and inside of,
the bypass entrance and should extend downstream to the bypass
flow control.

4.  The bypass entrance must extend from the floor to the canal
water surface.

H.  Bypass Conduit Design

1.  Bypass pipes shall have smooth surfaces and be designed to
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provide conditions that minimize turbulence.  Bypass conduits
shall have a smooth joint design  to minimize turbulence and the
potential for fish injury and shall be satisfactory to the NMFS.

2.  Fish shall not be pumped within the bypass system.

3.  Fish shall not be allowed to free-fall within a confined
shaft in a bypass system.

4.  Pressures in the bypass pipe shall be equal to or above
atmospheric pressures.

5.  Bends shall be avoided in the layout of bypass pipes due to
the potential for debris clogging.  Bypass pipe center-line
radius of curvature (R/D) shall be greater than or equal to 5. 
Greater R/D may be required for super-critical velocities.

6.  Bypass pipes or open channels shall be designed to minimize
debris clogging and sediment deposition and to facilitate
cleaning as necessary.  Therefore, the required pipe diameter
shall be greater than or equal to 24 inches {0.610 meters (m)},
and pipe velocity shall be greater than 2.0 fps (0.610 mps),
unless otherwise approved by the NMFS, for the entire operational
range (also see Section K, Modified Criteria for Small Screens,
Part 4).

7.  Closure valves of any type are not allowed within the bypass
pipe, unless approved by NMFS.

8.  The minimum depth of open-channel flow in a bypass conduit
shall be greater than or equal to 0.75 feet (0.23 m), unless
otherwise approved by the NMFS (also see Section K, Modified
Criteria for Small Screens, Part 5).

9.  Sampling facilities installed in the bypass conduit shall not
impair normal operation of the facility.

10.  The bypass pipe hydraulics should not produce a hydraulic
jump within the pipe.

I.  Bypass Outfall
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1.  Bypass outfalls should be located such that ambient river
velocities are greater than 4.0 fps (1.2 mps).

2.  Bypass outfalls shall be located to minimize avian and
aquatic predation in areas free of eddies, reverse flow, or known
predator habitat.

3.  Bypass outfalls shall be located where the receiving water is
of sufficient depth (depending on the impact velocity and
quantity of bypass flow) to ensure that fish injuries are avoided
at all river and bypass flows.

4.  Maximum bypass outfall impact velocity (including vertical
and horizontal velocity components) shall be less than 25.0 fps
(7.6 mps).

5.  The bypass outfall discharge into tailrace shall be designed
to avoid adult attraction or jumping injuries.

J. Operations and Maintenance

1.  Fish screens shall be automatically cleaned as frequently as
necessary to prevent accumulation of debris.  The cleaning system
and protocol must be effective, reliable, and satisfactory to the
NMFS.  Proven cleaning technologies are preferred.

2.  Open channel intakes shall include a trash rack in the screen
facility design which shall be kept free of debris.  In certain
cases, a satisfactory profile bar screen design can substitute
for a trash rack.

3.  The head differential to trigger screen cleaning for
intermittent type cleaning systems shall be a maximum of 0.1 feet
(0.03 m) or as agreed to by the NMFS.
4.  The completed screen and bypass facility shall be made
available for inspection by NMFS, to verify compliance with the
design and operational criteria.

5.  Screen and bypass facilities shall be evaluated for
biological effectiveness and to verify that hydraulic design
objectives are achieved.
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K. Modified Criteria for Small Screens (Diversion flow less than
25 cfs)

The following criteria vary from the criteria listed above and
apply to smaller screens.  Twenty-five cfs is an approximate
cutoff; however, some smaller diversions may be required to apply
more universal criteria listed above, while some larger
diversions may be allowed to use the "small screen" criteria
listed below.  This will depend on site constraints.

1. The screen area required is shown in Section B, Approach
Velocity, Parts 1, 2 and 3.  Note that "maximum" applies to the
greatest flow diverted, not necessarily the water right.

2.  Screen orientation:

a.  For screen lengths less than or equal to 4 feet, screen
orientation may be angled or perpendicular relative to flow.

b.  For screen lengths greater than 4 feet, screen-to-flow
angles must be less than or equal to 45 degrees (see Section
C, Sweeping Velocity, Part 1).

c.  For drum screens, the design submergence shall be 75% of
drum diameter.  Submergence shall not exceed 85%, nor be
less than 65% of drum diameter.

3.  The minimum bypass pipe diameter shall be 10 inches, unless
otherwise approved by NMFS.

4.  The minimum allowable pipe depth is 0.15 feet (1.8 inches or
4.6 cm) and is controlled by designing the pipe gradient for
minimum bypass flow.

Questions concerning this document can be directed to NMFS
Environmental and Technical Services Division Engineering staff,
at 503-230-5400.

   Adopted,

(original on file)
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William Stelle, Jr.  Date 3-23-95
     Regional Director
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ADDENDUM
JUVENILE FISH SCREEN CRITERIA FOR PUMP INTAKES

Developed by
National Marine Fisheries Service

Environmental & Technical Services Division
Portland, Oregon

May 9, 1996

The following criteria serve as an addendum to current National
Marine Fisheries Service gravity intake juvenile fish screen
criteria.  These criteria apply to new pump intake screens and
existing inadequate pump intake screens, as determined by
fisheries agencies with project jurisdiction. 

Definitions used in pump intake screen criteria
Pump intake screens are defined as screening devices attached
directly to a pressurized diversion intake pipe.  Effective
screen area is calculated by subtracting screen area occluded by
structural members from the total screen area.  Screen mesh
opening is the narrowest opening in screen mesh.  Approach
velocity is the calculated velocity component perpendicular to
the screen face.  Sweeping velocity is the flow velocity
component parallel to the screen face with the pump turned off.

Active pump intake screens are equipped with a cleaning system
with proven cleaning capability, and are cleaned as frequently as
necessary to keep the screens clean.  Passive pump intake screens
have no cleaning system and should only be used when the debris
load is expected to be low, and

1) if a small screen (less than 1 CFS pump) is over-sized to
eliminate debris impingement, and
2) where sufficient sweeping velocity exists to eliminate
debris build-up on the screen surface, and
3) if the maximum diverted flow is less than .01% of the
total minimum streamflow, or
4) the intake is deep in a reservoir, away from the
shoreline.

Pump Intake Screen Flow Criteria
The minimum effective screen area in square feet for an active
pump intake screen is calculated by dividing the maximum flow
rate in cubic feet per second (CFS) by an approach velocity of



14

0.4 feet per second (FPS).  The minimum effective screen area in
square feet for a passive pump intake screen is calculated by
dividing the maximum flow rate in CFS by an approach velocity of
0.2 FPS.  Certain site conditions may allow for a waiver of the
0.2 FPS approach velocity criteria and allow a passive screen to
be installed using 0.4 FPS as design criteria.  These cases will
be considered on a site-by-site basis by the fisheries agencies.

If fry-sized salmonids (i.e. less than 60 millimeter fork length)
are not ever present at the site and larger juvenile salmonids
are present (as determined by agency biologists), approach
velocity shall not exceed 0.8 FPS for active pump intake screens,
or 0.4 FPS for passive pump intake screens.  The allowable flow
should be distributed to achieve uniform approach velocity (plus
or minus 10%) over the entire screen area.  Additional screen
area or flow baffling may be required to account for designs with
non-uniform approach velocity.

Pump Intake Screen Mesh Material
Screen mesh openings shall not exceed 3/32 inch (2.38 mm) for
woven wire or perforated plate screens, or 0.0689 inch (1.75 mm)
for profile wire screens, with a minimum 27% open area.  If fry-
sized salmonids are never present at the site (by determination
of agency biologists) screen mesh openings shall not exceed 1/4
inch (6.35 mm) for woven wire, perforated plate screens, or
profile wire screens, with a minimum of 40% open area. 

Screen mesh material and support structure shall work in tandem
to be sufficiently durable to withstand the rigors of the
installation site.  No gaps greater than 3/32 inch shall exist in
any type screen mesh or at points of mesh attachment.  Special
mesh materials that inhibit aquatic growth may be required at
some sites.    

Pump Intake Screen Location
When possible, pump intake screens shall be placed in locations
with sufficient sweeping velocity to sweep away debris removed
from the screen face.  Pump intake screens shall be submerged to
a depth of at least one screen radius below the minimum water
surface, with a minimum of one screen radius clearance between
screen surfaces and adjacent natural or constructed features.  A
clear escape route should exist for fish that approach the intake
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volitionally or otherwise.  For example, if a pump intake is
located off of the river (such as in an intake lagoon), a
conventional open channel screen should be considered, placed in
the channel or at the edge of the river.  Intakes in reservoirs
should be as deep as practical, to reduce the numbers of juvenile
salmonids that approach the intake.  Adverse alterations to
riverine habitat shall be minimized. 

Pump Intake Screen Protection
Pump intake screens shall be protected from heavy debris, icing
and other conditions that may compromise screen integrity. 
Protection can be provided by using log booms, trash racks or
mechanisms for removing the intake from the river during adverse
conditions.  An inspection and maintenance plan for the pump
intake screen is required, to ensure that the screen is operating
as designed per these criteria.                                 
     


